
































































































































































































































































































































TECHNOLOGY OF BAUXITE 

of Crude and Manufactured Alum£num from I89I to z898 r 
..... -. 

Crude Leaf Plates, Sheets, 
Bars and Rods 

Cal en- Manu- Total 
dar facture Value 

Year Quan- Value Packs Value Quan- Value 
tity of roo tity 

.... 

Pound:S Pounds 
r89r 3,922 $6,266 10,033 $ I,I35 ----$ r,r6r $ 8,562 
r892 43 SI II,540 !,202 ----- 1,036 2,289 
!893 7,8r6 4,683 r8,7oo I,903 r,679 8,265 
!894 5,306 2,514 ro,78o I,2IO 386 4,IIO 
r895 . 25,294 7,8I4 6,6ro 646 r,84r I'0130I 
r896 6g8 59! 4,657 523 ------ 2,365 3.479 
!897 r,822 r,o82 4,260 368 4,424 $ 3,o58 22! 4,729 
r898 6o 30 2,000 174 r8,442 8,99! 4,675 13,870 
1899 53,622 9.425 693 II2 4,254 2,4!3 5,303 17,253 

' 

By the Hall process, the price of the metal varied from $s.oo 
per pound for ingots to $7.00 and $9.00 per pound for sheets; but· 
early in the year 1899 these prices were reduced to approximately 
one-half, in lots of r,ooo pounds or more. Two other methods have 
been employed to extent in the manufacture of the metal. 
One, a modification of the chemical process by Deville in r8s6, 
involving the use of sodium, was introduced about r89r. The 
other, a method by electrolysis, closely resembling that by Hall, 
was introduced by Herault in r899. Neither of these, how.ever, 
was ever established in the United States. 

2. ALUM MANUFACTURE 

By far the greater part of the bauxite mined in Georgia is con
sumed in the manufacture of alum, and only a very small propor
tion of the ore is used in the extraction of the metal, aluminum. 

All the alums of commerce are artificial preparations. Potash 
·and ammonia alums occur, to some extent, as natural products; 
but, on account of their very limited occurrence, they are more of 
mineralogical than of technical or commercial interest. Concern-

1 Twenty-first Ann. Rept,, U.S. Geol. Surv., I899-I900, Part VI, p. 269. 
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ing the principle, upon which the artificial preparation is based, 
including the classification of the aluminous material, from which 
alum has been made, Wagner says:- r 

MATERIAL OF ALUM MANUFACTURE.- "The manufacture of 
alum is based on the formation of aluminium sulphate and sodium 
aluminate from the various alum ores. These ores of earths, neces
sitating different methods of treatment, may be divided into four 
groups, v1z. : 

[r.J "Those which contain alumina, potassa and sulphuric 
acid in such proportions that the addition of an alkaline salt is not 
requisite. To this group belong the alum-stone and several varie
ties of al uni-shale. 

[ 2. J ''Those in which the aluminium sulphate is alone present 
necessitating the addition of alkali salts in large quantities. To 
this group belong the alum-shale and alum-earths found in the 
brown-coal formation. 

[3.] ''Those in which alumina only is contained, and to which 
both sulphuric acid and alkali salts must be added. To this group 
belong- (a) clay, (b) cryolite, (c) bauxite, aluminia terhydrate 
(gibbsite), (d) refuse slack. 

[ 4.] "To the fourth group belong those materials, such as 
feldspar, containing aluminia and potash in sufficient quantity, but 
needing the addition of sulphuric acid.'' 

Only the preparation of alum from the mineral, bauxite, will be 
considered here. The manufacture of alum from its various ores 
and earths may be found in any of the standard text books on 
chemical technology, which must be consulted by those who 
would pursue the subject further. 

The method first used in the preparation of alum from bauxite 
consisted in first disintegrating the mineral by igniting with so
dium carbonate, or with a mixture of sodium sulphate and char
coal. In either case, the ignited mass yiel<ils, upon lixiviation, the 
aluminate of sodium. Carbonic acid gas is then passed through 
the solution: precipitating the hydrated gelatinous alumina, the 
sodium combining with the carbonic acid to form sodium carbon
ate, which remains in solution. The precipitated alumina is then 

I Manual of Chemical Technology, r892, p. 435· 
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treated with sulphuric acid, and the solution is either evaporated 
to obtain aluminum sulphate (so-called concentrated alum), or is 
treated with a potassium or ammonium salt and converted into 
alum. I 

Naturally enough, the source of the bauxite employed in the 
manufacture of alum at this time was principally, if not entirely, 
from the French deposits. 

At present, the method in vogue in the United States, for the 
manufacture of alum, eliminates the use of sodium carbonate, and 
consists of the direct treatment of the ore (bauxite) with sulphuric 
acid of a certain strength, usually 50° B. As the method now 
stands, certain important points must be considered in the selec
tion of the ore used in the manufacture of the alum. These may 
be given as follows: - 2 

r The easy solubility of the alumina in sulphuric acid. The 
strength of sulphuric acid usually employed in the manufacture of 
alum, and, to some extent, by commercial chemists in the deter
mination of the soluble alumina in bauxite, is 50° B. So far as 
this point enters as a consideration, the valuation of the ore is 
based directly on the amount of so1uble alumina, and not on the 
amount of total alumina contained in the ore. Sulphuric acid, of 
50° B., therefore, is not sufficiently strong to dissolve the total 
alumina in the Georgia-Alabama ore ; but it is adopted as a stand
ard strength for removing all soluble alumina, without taking into 
solution deleterious amounts of certain impurities within certain 
limits, which are almost always present. The composition of the 
ore will condition, of course, the percentage amount of soluble 
alumina present. 

2 Freedom from substances in the ore, generally as impurities, 
which, on going into solution, are likely to affect the quality of 
the alum or other products. This desideratum is a most important 
one, in the case of bauxites high in iron oxide ; as this constituent 
dissolves in part and passes into the product. Some limitation is 
necessarily placed, therefore, on the percentage of iron and other 

I Wagner, oj;. cit., p. 438. 
2 Phillips, W. B., and Hancock, David, Tits Commercial Analysis o.f Bauxite, Journ. Amer. 

Chem. Soc. r8g8, Vol. XX, pp. 209-2IO. 
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impurities present in the ore, used for this purpose. It is claimed, 
that an ore, averaging ro per cent. of ferric oxide and 20 per cent. 
of silica, can be readily employed in the manufacture of alum. 
Unfortunately, only the best grade of ore has been shipped. This 
is not due to the fact, however, that the other grades of ore can not 
be used; but it has undoubtedly resulted directly from the fact, 
that the Georgia mines were new enterprises, which had to meet 
the competition of cheap foreign ores, of established reputation. 

As stated above, the demand, at present, is for first grade bauxite 
only, with scarcely any demand for second grade material. This 
lessens the danger of contamination from the presence of iron 
oxide. 

A method for the manufacture of alum, recently patented by 
Dr. Edgar Everhart of Atlanta, Ga., and employed by him at his ' 
manufacturing plant in this city, consists in treating bauxite with 
nitre-cake, sodium sulphate, instead of with free sulphuric acid. 
So far, the results are reported to be satisfactory; and, on account 
of the utilization of the by-product, nitre-cake, it is said to be much 
cheaper than that in which the free acid is used. 



CHAPTER VII 

METHODS OF MINING, TRANSPORTATION AND 
PREPARATION OF THE GEORGIA 

BAUXITE FOR SHIPMENT 

NATURE OF THE DEPOSITS TO BE MINED.- The problem to be 
dealt with in the Georgia area is principally that of mining an 
ore, distributed in somewhat irregular, disconnected pockets, 

' which grades into an enclosing structureless bauxitic clay. The 
clay surrounding the ore-bodies is always in strong contrast with, 
and different from, the mantle of overlying siliceous clay, derived 
from the decay of the associated rocks. The ore-bodies are usu
ally covered with from one to ten feet of the siliceous residual 
clay; but they are frequently exposed on the surface, with scanty, 
or no clay covering. The deposits generally occupy the summits 
and slopes of the limestone ridges; and, at times, they are found 
in the valleys near the basal slopes of the ridges. 

As a rule, the size of the ore-body is sufficiently large to warrant 
working, other things being equal, except in case of some of the 
valley deposits, the greater portions of which have been removed 
by erosion. The ore is very variable in composition, and is so de
ceptive in appearance, that its quality cannot be determined by the 
eye alone. Its value depends of course upon the percentage of alu
mina present and the freedom of the ore from impurities. At pres
ent, more than three-fourths of the bauxite is used in the manu
facture of alum, and there is but little demand for any, except the 
first-grade ore. Bearing this in mind, the worker is confronted 
with two leading questions, which must be considered in the open
ing and successful working of any deposit. These are the per
centages of insoluble matter (silica and iron oxide) present in 
the ore. The source of the silica is mostly, if not entirely, the 

(rso) 
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admixed bauxitic clays; while the iron oxide IS in part a chem
ical constituent replacing the alumina, and in part an impu
rity derived from the infiltering from the surrounding rocks. In 
many cases, where the iron is present as an impurity, the ore, 
after working to some depth, is considerably freer from iron oxide 
contamination and is of good grade. This, of course, can only be 
determined by intelligent preliminary investigation, of such nature 
as the sinking of prospect-shafts of sufficient depth, near the centre 
of the ore-body. 

Again, in the present methods of alum-making from bauxite, 
only what is termed soluble alumina, in a certain known strength 
of sulphuric acid, is extracted. If then aluminous material, of a 
more refractory nature, is used, in which the alumina is but slightly 
soluble in the above strength of acid, such as clay, the material 
must be rejected. For this reason, due care should always be had, 
in working a deposit, that the clay content be at the minimum,. 
and for the separation of the ore from the invariably associated 
clay. This, however, cannot, in many cases, be done in working, 
since the ore and clay are variously mixed, and grade impercep
tibly into each other. In those deposits, where the hard types of 
ore predominate, this condition is not a desideratum ; but, in the 
case of soft ore, the gradations into a structureless clay invariably 
occur, and the line to be drawn is by no means an easy one. 

It sometimes happens,_ from the position of the deposit, that the 
methods of operation to be applied in one case cannot be applied 
in another. In places, where the capping of residual material is 
heavy, and where the ridge slope is very steep, underground work 
is frequently necessary; but, in most other cases, operations 1n 
open-cuts or pits can be more cheaply employed. 

THE PRESENT METHODS OF MINING.- With one exception, 
the only systematic mining done in the Georgia area is by means 
of open-cuts or pits and shafts. In case the deposit is located on 
the ridge-slope, a level cut is made, sufficiently wide for a tramway 
or for barrows, and deep enough to give a good working-face on 
reaching the ore-body. This cut usually serves, also, to drain the 
working. The method of mining on the Watters property, five 
miles northeast of Rome, consists, in a large degree, of under-
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ground work (tunnels and drifts), with some open-cuts and shafts. 
With these exceptions, all the rest of the mining in the bauxite 
region consists of small pits and prospect-holes. 

The method of mining in open-cuts or pits, such as that recently 
employed at the Julia and the Maddox mines in the Hermitage 
district, consists in raising the ore by means of steam-hoists or 
derricks. At the Church bank, in the same district, the ore is 
raised by means of an inclined cable and cars, operated by steam. 
In the working of shafts, the usual method of hoisting by a hand 
windlass is practiced; although, in some cases, the steam-hoist or 
derrick doubtless might be employed to some advantage and profit. 

As a rule, the ore is easy to mine, because of its comparative 
.softness beneath the surface. It is soft enough, in most cases, to be 
dug up with the pick; although blasting is necessary in some 
cases. Notwithstanding the readiness with which the ore can be 
r:emoved from its place, more or less expense is involved in min
ing, o:h account of its variableness in quality, which makes it nec
essary to assort the ore. Several grades of ore· are found in every 
deposit, and the various grades are separated, in the pit, by means 
of screens and the hands, and are kept so, afterwards.· 

In no case, has any one of the banks been opened to the depth 
of permanent ground-water-level, which fact, when taken in con
nection with the land slope, causes no trouble in drainage. The 
only trouble, thus far experienced, is with surface water. · 

MINING MACHINERY. -With the exception of washers and 
dryers, the use of expensive machinery should be avoided, since it 
is both unnecessary and unwarranted by the nature of the deposits. 
Boilers and hoists constitute, when required, the only necessary 
machinery. The equipment should be as light and portable as 
possible, so that, when one deposit is exhausted, it can be easily 
moved to another. · 

PREPARATION OF THE ORE PREVIOUS '1'0 SHIPPING. -vVhen 
removed from the pit, the ore contains a large percentage of un

. combined water, which, unless expelled or driven off before ship
ment, makes. it a very important item 1n connection with the high 
freight-rates paid on the ore at present. A large percentage of the 
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ore, however, has been shipped in the past without drying. The 
moisture is expelled by subjecting the ore to an artificial drying 
process, which is the one mostly employed; although the natural 
process of drying under sheds has been practiced to a limited ex
tent. Several forms of artificial dryers have been used. At the 
Julia mines in the Hermitage district, the operators first experi
mented with a form of dryer, which consisted of sheets of boiler
iron covering brick arches, on which the ore was spread out; but 
this was abandoned, as unsatisfactory, as well as expensive. The 
company then operating the Julia mines replaced the form of dryer 
just described, with an improved furnace erected at Linwood, a 
station on the Western & Atlantic railroad, several miles distant 
from the mines, from which station the ore is shipped. The con
struction of the furnace, a brick cupola with a central flue, was 
such that free circulation of the hot air through the ore was in
sured. 

A form of drying, practiced at some banks, consists of piling the 
ore on a platform of wood, and setting fire to the wood. While the 
heat produced has been found sufficient, in most cases, to greatly 
reduce the weight of the ore by expulsion of the moisture, the dis
advantages of the process are readily apparent. 

The most improved form of dryer, the one commonly employed, 
at present, at the largest mines, consists of a large, slightly in
clined rotary-cylinder, continuous feeder, which was first built and 
operated by the Southern Bauxite Company at the Warhoop banks 
in Alabama. The cylinder is maintained at a red heat, and the 
ore, which requires 20 minutes to pass through it, is frequently 
passed through, a second time, which practically insures there
moval of all the moisture from the bauxite. 

Screening is employed before shipment in case of the coarse
gravel ore. This removes the greater part of the siliceous clayey 
matrix and slightly increases the percentage of alumina over that 
in the unscreened ore. In the case of pebble ore containing a large 
amount of clay matrix, washing, by means of a log-washer similar 
to that used in the treatment of the iron and manganese ores in the 
same section of the State, is often employed. The log-washer 
operated at the Julia mines is said to have given very satisfactory 
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results. The process is a very simple and inexpensive one; and, 
if more extensively used in the case of certain low-grade ores, it 
would doubtless prove very profitable. By this means, an ore, that 
has practically no value at present, could be so assorted as to be 

·classed as a high-grade material. 

THE EFFECT OF CALCINING ON THE SOLUBIL:iTY OF AtUMINA: 

-Phillips . and Hancock r have recently published some results, 
showing the effect of heating on the solubility of the alumina, 
causing the expulsi<;:>n of certain percentage amounts of the chemi
cally combined water in bauxite. The results are as follows:-

Bauxite dried at roo° C., not calcined . 
Loss on calcining r2.55 per cent. H 2 0 • . • 

" " " r8,55 " " " 
" " 
" " 

" 
" 

26.6o " 
32. IS " 

" " 
" " 

Soluble Alumina 
Per Cent. 
. sg.oo 
. 57:6o 
. 57·10 
. 53.10 
. 20.40 

These results certainly show a tendency toward a decrease in the 
solubility of alumina on calcination, which, as the authors state, 
does not seriously affect the alumina solubility, until about 8o per 
cent. of the total combined water is removed. Quoting from these 
authors, "With a loss of about 38 per cent. of the water there is 
a loss of r.4o per cent. soluble alumina; with a loss of about 58 
per cent .. of the combined water the loss of soluble alumina is r.9 
per cent. ; with a loss of about. 82 per cent. of the combined water 
there is a much greater loss of soluble alumina; viz., 5·9 per cent., 
while the loss of s.oluble alumina rises to 38.6o per cent., when 
the material is thoroughly calcined." 

These results would seem to indicate, that the heat might' be 
continued, until more than half of the combined water was re
moved, without seriously affecting the solubility of the alumina. 

The investigation of this point was undertaken by the authors, 
with special reference to the drying of the ore previous to ship
ment ; and also, looking to the possibility of establishing uni
formity in the methods employed in the chemical analysis of the 
ore. 

I The Commercial Analysis of Bauxite, Journ. Amer. Chern. Soc., 1898, pp. 220-221. 



TRANSPORTATION I 55 

The conclusion reached is, that the heat used in expelling the 
moisture from the ore before shipment should not be sufficient to 
cause a loss of combined water. 

MARKETS. -The principal markets at present are New York, 
Philadelphia, Pittsburg, Buffalo, Brooklyn, Bayonne, Syracuse, 
Cleveland, Natrona, Lockport and Chicago, where the alum and 
aluminum works are located. A little of the ore has been shipped 
to Germany, on account of its superior quality. 

TRA)TSPORTATION.- The entire bauxite region in Georgia is 
traversed by numerous railroads, which offer outlets to various 
points· north, south, east and west, and afford abundant facilities 
for transportation. Most of the workable deposits of bauxite are 
located almost immediately along the lines of railroad, and none 
are more than a few miles distant therefrom. As a rule, the country 
roads, connecting with the railway points in this area, are especially 
good, and are among the best highways in the State. On account, 
therefore, of nearness to the railroad points, and the prevailingly 
good condition of the county roads, the cost of transportation by 
teams is reduced to a minimum. At present, the market for this 
ore, as seen above, is confined exclusively to the North, where the 
chemical plants utilizing it are located. 

STREAMS. -The immediate region is further traversed by a 
number of large streams, which, with their multitude of ramifying 
tributaries, insure ample water-supply and facilities at all seasons. 
Among the principal streams, may be mentioned the Etowah and 
Oostanaula rivers, which unite at Rome to form the Coosa river, 
which latter, after joining the Alabama, empties into an arm of the 
Gulf of Mexico, Mobile bay. 

SUGGESTIONS 

Since the beginning of the bauxite industry in the Georgia
Alabama area, new deposits of the mineral have naturally been 
added, from year to year, to those then known. With scarcely an 
exception, the existing deposits are included within the limits of 
the Coosa Valley area. The various companies, engaged in the 
mining of this mineral, have, from the beginning, persistently 
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prospected for additional sources of supply. From the period of 
time, the;refore, during which the deposits have been worked, the 
continued search instituted for new ones, in connection with the 
accurate knowledge of the geology of the area, and the nature and 
occurrence of the ore-bodies, makes it now safe to say, that we can 
not hope to greatly extend, if at all, the present limits of the well 
known Georgia area. The occurrence of the ore is in the form of 
pocket deposits, which is positive evidence of their exhaustible na
ture. At the present rate of output, I however, the amount of the 
marketable grade of ore is probably sufficient to last for many 
years. 

The possible yield is greatly limited by the fact, that nearly all 
but the first-grade material is discarded, thereby necessitating the ' 
exclusion of a vast quantity of ore, which should, by proper skill 
and manipulation, find ready utilization at good prices. This con
dition was, perhaps, made necessary in the beginning, when mar
kets had to be established, in order that the home material might 
compete with the cheap and less pure foreign bauxites of long 
standing and reputation. The principle has been so rigidly ad
hered tol by both operator and consumer, during the period of 
working in the American fields, that it has resulted in creating a 
demand for the first-grade ore only, with practically no sales for 
the lower-grade bauxite. 

The writer believes, after a careful survey of the Georgia fields~ 
that the time is not far distant, when a change from this state of 
affairs must take place, and that the grade of ore, now regarded as 
inferior and cast aside, will, from necessity, be accepted. Other
wise, new fields, yet unknown, must be discovered and developed,. 
if they exist. 

It is apparent, that, :in the present methods of alum-manufacture, 
mixing the different grades of bauxite, which has been practiced 
to some extent, is undesirable, except to a very limited degree, in
asmuch as the ·value of the ore is based on the amount of soluble 
alumina in sulphuric acid of certain known strength. Treatment 
of the low-grade, siliceous bauxite with 50° B. sulphuric acid, for 

I The year 1899, when the writer began the field-work for this report. 
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three hours, is not sufficient to extract the alumina, owing to its 
form of chemical combination in the bauxitic clays and kaolins. 

Since the field-work on this report was begun, the supply of 
first-grade bauxite has become exceedingly limited in the Georgia
Alabama territory. The price for the first-grade ore has increased 
from $4.50 per ton in r899 to $7.00 in r9or, with every probability 
of a continued increase. This leaves us confronted with a vast 
quantity of low-grade ore, not yet marketable, which should be 
utilized in some way. This grade of bauxite, for reasons already 
stated, can not be profitably employed in the manufacture of alum 
by the present process; hence, it does not pay to ship it. 

In view of these conditions, two alternatives are suggested to the 
writer, whereby the low-grade ore may be successfully utilized. 

First, a change or modification in the present process of alum 
manufacture is necessary to the use of the lower grades of bauxite. 
So far as the writer is able to judge, this seems, for several reasons, 
unlikely just now. The second, which is probably the more plausi
ble and likely one, is, that the low-grade bauxite, which does not 
pay to ship, at present, must be worked up on the ground, into 
.anhydrous aluminum oxide, and this product, placed on the mar
ket for the manufacture of both alum and the metal aluminum. 
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